In order to recover fine particles of rare-earth minerals from beach sand by
Zeta potential variations were measured as a function of pH for each of these minerals to determine its isoelectric point (IEP) . In the pH range below the IEP of the mineral where the mineral particles were positively charged , high recoveries were obtained when the anionic surfactant was used at its proper concentrations.
To evaluate an oil-wettability of the mineral surface , contact angles in the monazite/isooctane/water system in the presence of the surfactant were measured.
Interfacial tensions between isooctane and surfactant solution were also measured. Work of adhesion was then determined . The recovery variations were closely correlated with the work of adhesion .
INTRODUCTION
Monazite, (Ce, La)PO4, xenotime, (Y)PO4 , and zircon, (Zr)SiO4, are important minerals in producing rare-earth and related elements. These minerals are often found in the tin placer deposit of Southeast Asia together with cassiterite, ilmenite rutile , garnet, hematite, barite, quartz and so on. The ores are treated by a combination of the electrostatic , magnetic and gravity separation techniques to get valuable concentrates.
However, the finer mineral particles become , the more difficult is the mutual separation among them. Consequently , fine particle fractions including lots of useful minerals are waste or dumped because they cannot be recovered by the conventional techniques .
Eishi KUSAKA, Yoshitaka NAKAHIRO and Takahide WAKAMATSU As a fine particle processing, the froth flotation is well known and applied to improve the recovery of fine minerals. But it is even in flotation that the feed size to the flotation cells should be restricted to over ten microns because the presence of an energy barrier in the vicinity of the air/water interface prevents fine particles from making contact with bubbles'. Therefore, the liquid-liquid extraction method has been studied to recover ultrafine particles' and to remove mineral matter particles from 
Experimental procedure
The mineral sample and surfactant solution both in their desired amounts were put into a 100-cm3 pyrex separatory funnel.
The funnel was then shaken for 20 min. After shaking, isooctane was added to make up an oil-water-particle mixture.
The weight ratio of solid, oil and aqueous solution was kept constant throughout the tests. The mixture was further shaken for 20 min to form the oil-in-water emulsion.
During the emulsion forming operation, most of the particles were collected at the oil-water interface, while some were transferred into the oil phase according to the hydrophobicity of particle surfaces.
The oil-water-particle mixture was allowed to stand for several minutes in order to separate the dense emulsion phase from the water phase. The two phases were drained into separate beakers, filtered, and dried. The dried solids were weighed to determine the recovery of the fine particles at the oil/water interface and in the oil phase. 
Fig.8
Isooctane/water interfacial tension as a function of SDBS concentration.
Fig.9
Contact angle of isooctane/water inferface as a function of SDBS Fig.11 shows the relationship between work of adhesion, Wa, and the monazite recovery given in Fig.4 (a) and measurements at various pH's and SDBS concentrations. As shown in Fig.11 , an increase in Wa results in an increase in the monazite recovery. Wa of 50mJ/m2 gives a monazite recovery of more than 80%,
whereas Wa of 30mJ/m2 gives around 20%. Hence, it has been confirmed that work of adhesion is of great importance since it determines the liquid-liquid extraction recovery regardless of pH in aqueous suspension and concentration of the surfactant used.
CONCLUSIONS
As a fundamental study for recovering fine rare-earth minerals from beach sand by the liquid-liquid extraction method, the concentrations of fine mineral particles such as monazite, xenotime, zircon and quartz at the oil/water interface have been investigated in the presence of surfactant.
The summaries obtained are as follows: 
